INTRODUCTION
============

There is currently a severe lack of clinical interest and research in adult attention-deficit/hyperactivity disorder (ADHD) amongst mental health professionals in Korea. This has been exacerbated by a practice of Korean health insurance providers, where benefits cannot be availed for ADHD medications when a patient is first diagnosed with ADHD in adulthood and not in childhood/adolescence. However, this problem has since been rectified with the provision of insurance benefits for these patients from September 2016 \[[@ref1]\]. Hence, there is now an urgent need for a practice parameter that complies with available assessment tools and promotes suitable diagnostic processes or therapeutic interventions that can be shared amongst health professionals.

According to the current clinical practice in Korea, patients diagnosed with ADHD in childhood/adolescence can continue regular treatment in adulthood. General practitioners treat many adult ADHD patients who stopped treatment after initial diagnosis in childhood/adolescence and resumed it later during adulthood. They also treat patients who did not receive appropriate intervention when required and desire treatment in adulthood. Unfortunately, in many cases the treatment is targeted towards episodic symptoms, resulting in premature discontinuation of treatment in ADHD cases that require close monitoring and long-term follow-up. In order to avoid such discontinuation and facilitate dialogues between mental health professionals, a Korean practice parameter for adult ADHD is necessary.

A recent preliminary survey that used the Adult ADHD SelfReport Scale (ASRS) \[[@ref2]\] to screen patients who visited the Department of Psychiatry for emotional symptoms reported that 55.7% of the respondents showed signs of adult ADHD \[[@ref3]\]. As such, patients who visit the Psychiatric Outpatient Clinic are more likely to show a higher prevalence of adult ADHD than those who do not. Therefore, it becomes vital to screen for ADHD in adults who voluntarily seek psychiatric aid. A standardized approach is hence required to diagnose patients who have completed screening for adult ADHD, and consensus among mental health professionals is needed regarding the interventions be implemented thereafter.

The Adult ADHD Special Interest Study Group, a subdivision of the Korean Academy of Child and Adolescent Psychiatry (KACAP-AASIG) conducted studies aiming to standardize adult ADHD assessment tools, such as a Korean version of the World Health Organization (WHO) ASRS, an ASRS screener \[[@ref2]\], a Korean Adult ADHD Rating Scale (K-AARS) \[[@ref4]\], and a Diagnostic Interview for ADHD in Adults-5 (DIVA-5) \[[@ref5]\]. Although preliminary data were published regarding a practice parameter for adult ADHD \[[@ref6]\], we aimed to further fine tune this for Korean adults with ADHD and establish a standard practice that mental health professionals can refer to during diagnosis.

The scope and purpose of this practice parameter are as follows:

1\) Target patients who voluntarily seek psychiatric help.

2\) Improve public health in terms of adult ADHD screening, diagnosis, and treatment.

3\) Implement a basic framework for clinical practice of adult ADHD patients and disseminate it to mental health specialists.

The experts involved in the development of this practice parameter are psychiatric specialists. The practice parameter was developed using an evidence-based approach consisting of an expert consensus survey and a literature review. Given that adult ADHD has only been recently introduced as a general psychiatric disorder in Korea, we surveyed psychiatric professionals regarding the clinical status of adult ADHD. Databases for the literature review include MEDLINE and KoreaMed. Other sources of literature review were book chapters, previously published guidelines and those provided by colleagues. The literature scans were conducted from January 2018 through February 2019 using the key words "attentiondeficit hyperactivity disorder" and "adult," with patient age limited to 19 years and above. The search period ranged from 2010 to 2019 and yielded about 4800 references. When the article type was further whittled down to randomized controlled trials, systemic reviews and guidelines, 440 references remained. Of these articles, the titles and abstracts were reviewed and we selected those from the relevant field based on etiology, evaluation, diagnosis, and treatment of ADHD.

BACKGROUND
==========

Etiology of ADHD in adults
--------------------------

The etiology of ADHD is complex and includes both genetic and environmental factors. However, several studies suggest that the causes of ADHD are largely genetic and the disorder has high heritability \[[@ref7]\].

Genetic factors
---------------

Several studies have shown that ADHD has a strong genetic influence and is inherited across generations \[[@ref8]-[@ref11]\]. Extensive reports from twin and adoption studies have consistently shown high heritability of approximately 75% for childhood ADHD \[[@ref12]\], countering the initial estimates of 30--50% \[[@ref13]-[@ref15]\]. These differences might be due to rater effects, which when controlled for, reduced the incompatibility between childhood and adult ADHD \[[@ref16]\].

Genetic linkage analysis
------------------------

Genetic linkage analysis is especially useful for identifying genetic risk factors with large effect sizes in families with ADHD. Chromosome 16q has been reported to be of significance in this regard \[[@ref17]\], but further investigations for candidate genes contributing to the ADHD phenotype are required.

Candidate gene association studies
----------------------------------

Candidate gene association studies focus on associations between variation within pre-specified genes of interest and defined phenotypes. The genes are selected for study based on a priori knowledge of their functional impacts on the trait or disease in question \[[@ref18]\]. Genes encoding proteins involved in the serotonergic and dopaminergic systems have been associated with ADHD, such as the serotonin transporter 5-hydroxytryptamine transporter (5HTT) and tryptophan hydroxylases (TPH1 and TPH2) \[[@ref19]\], and dopamine active transporter (DAT1), and dopamine receptors (DRD4 and DRD5) \[[@ref20]-[@ref24]\]. Such studies are useful in investigating genetic contributions, but may be prone to selection bias due to hypothesis driven analyses \[[@ref18]\].

Genome-wide association studies
-------------------------------

Genome-wide association studies (GWAS) scan entire genome for common genetic variations. Several studies have identified the involvement of ADHD-related genes, such as *PARK2*, *SLC6A3*, *DRD4*, *DRD5*, *SLC6A4*, *HTR1B*, *SNAP25*, *DIRAS2*, *LPHN3*, and *NOS1* \[[@ref25]-[@ref28]\]. Furthermore *GRM5*, coding for glutamate receptor CDH13, and *ADGRL3*, encoding latrophilin 3, have also been reported as promising predictors of ADHD risk \[[@ref29],[@ref30]\]. Given the lack of replicability of these results, however, further studies remain wanting.

Rare genetic variants
---------------------

Recently, rare genetic variants have received great attention due to an increase of identified overall rare copy number variants in adults with ADHD \[[@ref31]-[@ref33]\]. In light of the debate regarding the very existence of adult onset ADHD, further studies need to be conducted on whether different genetic factors are at play during childhood and adulthood. Separate genetic research in children and adults with ADHD will help resolve this issue.

Neurochemical factors
---------------------

Dopamine and the prefrontal cortex (PFC) have been major foci of clinical investigations on ADHD \[[@ref34]\]. Norepinephrine is also known to play a major role in attention. A clear role for dopamine and norepinephrine has been suggested by the positive response of ADHD patients to stimulants (dopamine reuptake inhibitors) and atomoxetine (ATX; norepinephrine reuptake inhibitors) \[[@ref35]\].

Neuroanatomical factors
-----------------------

Structural and functional neuroimaging studies have documented impairments in neural networks associated with executive functioning in both children and adults with ADHD \[[@ref36]\]. Abnormal anatomy and dysfunction of inferior frontal and dorsolateral PFC, fronto-striatal and mesocorticolimbic networks, anterior cingulate, parieto-temporal, and cerebellar regions have been secifically highlighted in this regard \[[@ref37],[@ref38]\]. More recently, the PFC, caudate, and cerebellum have emerged as primary areas showing deficits in ADHD. These areas are interconnected by a network of neurons and together regulate attention, thoughts, emotions, behavior, and actions. Studies in ADHD patients have shown slower maturation of PFC or a smaller volume and reduced activity of the PFC, caudate, and/or cerebellum \[[@ref39]-[@ref41]\]. The most recent brain imaging study showed structural alterations of the lower cortical surface area (mainly frontal, cingulate, temporal pole, and total regions) in children with ADHD when compared with controls. However, these differences were not found in adolescents or adults with ADHD \[[@ref42]\]. Studies of adult ADHD patients using positron-emission tomography (PET) have found reductions in glucose metabolism in the premotor and superior PFCs \[[@ref43]\]. Another study of adult ADHD patients using PET showed significantly increased DAT binding in the right caudate \[[@ref44]\].

Environmental risk factors
--------------------------

A number of environmental factors for ADHD have been established, such as perinatal stress, low birth weight, traumatic brain injury, and substance abuse, including maternal smoking and alcohol intake \[[@ref45]\]. Toxins like lead are also known to contribute to increased risk of ADHD \[[@ref46],[@ref47]\]. Although weak, there is some evidence for the contribution of psychosocial factors to ADHD development \[[@ref48]\].

Trajectories of ADHD from childhood to late adulthood
-----------------------------------------------------

The diagnosis of ADHD in adult mandates a detailed developmental childhood history, much more so than other adult psychiatric disorders like schizophrenia and depression. However, such information is not easily accessible as, even though ADHD symptoms in children may begin very early, most parents tend to dismiss them as characteristics of energetic children. Moreover, even if parents recognize the possibility of ADHD, they are reluctant to visit a hospital due to the social stigma of mental illness. Unfortunately, deferring appropriate therapeutic intervention can lead to severe impairment in social adjustment as an adult. Therefore, insight into the developmental trajectory of ADHD is required to minimize misunderstandings and prejudices and also to accurately diagnose and treat ADHD in adults.

Developmental trajectory of ADHD
--------------------------------

Preschool children, with or without ADHD, can often be excessively active, impulsive, aggressive, and accident prone. These characteristics prompted the change in the cut-off age of ADHD onset from 7 years in the Diagnostic and Statistical Manual of Mental Disorders IV (DSM-IV) \[[@ref49]\] to 12 years in the DSM-5 \[[@ref50]\]. The higher rate of successful diagnoses in boys is often explained by the fact that they are more likely than girls to exhibit externalizing behaviors. During elementary school, children with ADHD struggle with hyperactivity-impulsivity and attention problems. As compared to their peers, children with ADHD exhibit poor school performance in terms of grades, organizing skills, and tasks that require fine motor skills \[[@ref51]\]. Adolescents with ADHD often face difficulties in both school and at home owing to inattention and impulsivity. They are also more likely to exhibit antisocial behaviors such as stealing, lying, physical or sexual assaults, and substance abuse. Adults with ADHD tend to prefer more manual labor positions due to curtailed academic careers and have a higher risk of marital discord, substance abuse, and criminal record than individuals without ADHD \[[@ref52]\].

ADHD symptoms that develop during childhood continue throughout adolescence and into adulthood. The nature of the symptoms, however, changes. For example, hyperkinetic activity decreases while inattention related symptoms increases as the individual progresses towards adulthood \[[@ref53]\]. Interestingly, some research findings have shown that a lack of change in ADHD symptoms over time may in fact have a negative impact on the individual \[[@ref54]\]. Considering the lifelong presence and impact of ADHD, not only mental health professionals in child and adult psychiatry, but those in geriatric psychiatry as well would require training in the assessment and treatment of ADHD \[[@ref55]\].

The mortality rate related to ADHD is a more recent academic interest. In a Danish national cohort study \[[@ref56]\], the mortality rate ratio in individuals with ADHD was significantly increased when compared to that of the general population. This effect was more prominent in females than in males. The raised mortality in ADHD patients appear to be mainly due to deaths by unnatural causes, especially accidents. This hypothesis was also supported by some analysis linked to National Health Index in the USA \[[@ref57]\]. Contrary to these findings, a Swedish cohort study (total number of samples 1599, mean age over 70 years) using the Wender Utah Rating Scale (WURS), reported that there was no substantially elevated mortality risk in individuals who retrospectively scored higher than WURS cut-off score for ADHD diagnosis \[[@ref58]\]. Mortality in ADHD patients is also linked to suicidal behavior \[[@ref59]\]. While it remains unclear whether there is a direct relationship between the suicide and ADHD in adults, ADHD symptom severity has been associated with an increased risk for suicidal behavior \[[@ref60]\].

Controversies regarding the developmental trajectory of ADHD
============================================================

*Differentiation due to ADHD courses, phenotypes, or biotypes*
--------------------------------------------------------------

Although ADHD is known to be a persistent and trans-situational pattern that is detrimental to developmental stage and interferes with normal functioning \[[@ref50]\], the prevalence rates of diagnosis decline from 5.3% in childhood \[[@ref61]\] to between 1.4% and 3.6% in adulthood \[[@ref62]\]. The different frequencies of ADHD diagnosis in childhood and adulthood can be explained by a few factors: first, the possibility of natural healing; second, the disorder has been treated and cured during childhood/adolescence; third, the symptoms are masked due to partial remission; fourth, the possibility of concealment behind coexisting mental disorders or transformation of ADHD into a different mental disorder such as symptomatic depression with underlying ADHD ([Fig. 1](#F1){ref-type="fig"}) \[[@ref52]\]. According to the Korean Health Insurance Review and Assessment claims database, ADHD is the most common mental disorder in children but the diagnosis rates decrease steeply with age, whereas the diagnosis rates of depression and anxiety increase in adolescence \[[@ref63]\]. Similar rates are also seen in female adolescents. The decrease in ADHD prevalence with age may either reflect the natural course of the disorder or the progression of emotional instability, a core ADHD characteristic, to depression or anxiety disorder. It also remains to be investigated whether this change in diagnosis rates is a universal characteristic of ADHD or if it depends on a specific subtype or phenotype.

![Trajectories of ADHD and psychiatric comorbidity across the lifespan (modified from Franke B et al. Eur Neuropsychopharmacol 2018;28:1059-1088 \[[@ref52]\]).](JKACAP-31-005-f1){#F1}

*Late-diagnosed vs. late-identified vs. late-onset ADHD*
--------------------------------------------------------

When diagnosing adult ADHD, it is important to distinguish late-onset ADHD from any other mental disorder that has been misdiagnosed as ADHD \[[@ref64]\]. Moffitt et al. \[[@ref64]\] and Agnew-Blais et al. \[[@ref65]\] observed the Dunedin birth cohort and England and Wales twin birth cohorts, respectively, and reported late-onset ADHD without any childhood history. Cooper et al. \[[@ref66]\] also reported adult onset ADHD with normal childhood development from a UK birth cohort, which ignited the possibility of a previously unidentified form of ADHD that arises entirely during adulthood. However, there are some caveats to these studies, such as the possibility of biased retrospective recall by the parents for the four-decadelong longitudinal cohort study conducted in Dunedin, New Zealand \[[@ref64]\]. The parents of 78% of the participants with childhood ADHD had forgotten the age of ADHD onset before age 12, despite having reported the symptoms at ages 5, 7, 9, and 11 years, and the parents of 35 comparison subjects (4%) falsely recalled their child as having ADHD.

*Possible factors influencing ADHD trajectory*
----------------------------------------------

Proper assessment of ADHD requires documentation from early childhood to old age. The course of ADHD can be affected by many variables, especially environmental and cultural background. In such scenarios, finding consistent prognostic factors remain a challenge. Childhood IQ has been shown to predict better outcomes in several domains \[[@ref67]\]. For instance, adults with high intelligence and few psychiatric comorbidities who are diagnosed with ADHD at later stages may have good social lives, despite having ADHD symptoms during childhood \[[@ref68]\]. Considering the difficulties of long-term follow-up of individuals with ADHD, thorough reviews of biographies of well-known people allow us to analyze its influence on their life trajectories. Analysis of the biographies of Ernesto Che Guevara by Teive et al. \[[@ref69]\] suggests that 'Che' may have had ADHD. Fitzgerald \[[@ref70]\] has reviewed and suggested that novelty seekers like, John Lennon, Ulysses Grant, Jule Verne, Sir Walter Raleigh, and Peggy Guggenheim also had ADHD and shared some features of Asperger's syndrome.

Summary of developmental trajectory of ADHD
-------------------------------------------

Since ADHD can begin during childhood and last a lifetime, a lack of early diagnosis and intervention subjects people to various adverse conditions and poor quality of life. Therefore, insight into the precise developmental trajectory of individuals with ADHD can inform the development of diagnostic criteria, evaluation of prognostic factors and prediction of treatment responses. This makes the meticulous collection and organization of clinical data from developmental trajectory imperative.

CLINICAL PICTURES OF ADHD IN ADULTS
===================================

Prevalence of ADHD
------------------

ADHD is characterized by persistent and pervasive symptoms of inattention, hyperactivity and impulsivity, which impair the functional capabilities of an individual \[[@ref50]\]. The DSM criteria, the most widely used criteria for ADHD diagnosis, categorizes three clinical presentations of ADHD based on heterogeneity in its symptomatic presentations: predominantly inattentive, predominantly hyperactive/impulsive, and combined type \[[@ref50]\]. Since ADHD usually begins in childhood and is the one of the most common psychiatric disorders during this period, it has been recognized as a condition typical of the pediatric population and which gets better with age. Unfortunately, this means that its prevalence in the adult population has been severely underrated \[[@ref71]\].

A growing number of studies suggest that a significant proportion of ADHD symptoms which begin in childhood persist into adulthood. Longitudinal studies indicate that ADHD persistence rates from childhood into adulthood varies from a minimum of 4% to a maximum of 76%, depending on differences in diagnostic criteria, procedure used, sample characteristics, informants, and the like \[[@ref72]\]. Furthermore, a few longitudinal studies with strict diagnostic methodologies propose an ADHD symptom persistence rate of 40--60% \[[@ref73],[@ref74]\]. These results support the conclusion that ADHD can have a lifelong effect on an individual, rather than just being restricted to their childhood.

Recent changes in the ADHD diagnostic criteria in DSM-5, released in May 2013, are representative of perspective shift toward ADHD. These major modifications of ADHD classification and criteria in DSM-5 provide a guideline for appropriate ADHD diagnosis in adults \[[@ref75]\]. First, ADHD, formerly classified under "disorders usually first diagnosed in infancy, childhood, or adolescence" in DSM-IV, is now listed under the "neurodevelopmental disorders" in DSM-5. This highlights its continuity throughout one's lifespan and bases the diagnosis on correlates of neural network development \[[@ref76]\].

Second, the number of symptoms required to meet the inattention or hyperactivity-impulsivity criteria has been reduced from six to five out of nine symptoms in individuals aged 17 years and above, reflecting the possible age-dependent changes and natural course of the disorder. With requirement of fewer symptoms for a diagnosis, the proportion of individuals meeting the minimum threshold for either inattention or hyperactivity/impulsivity symptoms showed a significant 65% increase from 12.7% in DSM-IV to 21% in DSM-5 \[[@ref77]\].

Third, the age of onset of noticeable inattentive or hyperactive-impulsive symptoms has been changed from 7 years to 12 years. This reflects the findings that 95% of adults presenting with ADHD recalled having symptoms before the age of 12 years, whereas only half the adults with ADHD recalled symptom onset by the age of 7 years \[[@ref78]\]. Furthermore, although clear evidence of functional impairment is considered essential for ADHD diagnosis, it is no longer a requisite that the impairment should have occurred before the age of 12 years. This modification is significant since functional impairments induced by inattentive symptoms are more likely to be prominent later in life, such as in adolescence or adulthood, than in childhood.

Fourth, the descriptions of symptom presentations have been made more elaborate with specific behavioral examples, making each criterion more applicable to adolescents or adults.

Fifth, age-adapted items for adolescents and adults have been clubbed with older terms for children in some criteria. For instance, adolescents or adults can be diagnosed as having hyperactivity symptoms with only a subjective feeling of restlessness or discomfort while waiting, whereas children are required to have active behavioral presentations. The previous categorization of three 'subtypes' in DSM-IV has been supplanted with an enumeration of "presentation specifiers" in DSM-5. While this clearly mirrors the previously employed subtypes, it accounts for temporal changes in patterns and severity of ADHD symptoms depending on age. Finally, the exclusion criterion of presence of a pervasive developmental disorder has been removed.

With all these changes, DSM-5 provides more comprehensive criteria for ADHD diagnosis allowing for adults previously misdiagnosed as in partial remission to now be diagnosed with fully developed ADHD. Indeed, a field trial prevalence study suggested that use of the modified DSM-5 accounted for a 27% increase in ADHD prevalence among young adults, from 2.8% with DSM-IV to 3.55% with DSM-5 \[[@ref79]\]. This result confirms that lower cut-off points on number of symptoms, age-of-onset, and degree of impairment increases the sensitivity of adult ADHD diagnosis.

Despite the growing focus and literature on adult ADHD, little is known about adult ADHD in the Republic of Korea. There are very few studies examining the prevalence of ADHD in Korean adults. One study used epidemiological data and diagnostic interviews to suggest the 6-month prevalence of ADHD in participants between the ages of 18--59 years to be 1.1%, with the symptoms being most prevalent in young adults \[[@ref80]\]. More recent research evaluated a stratified sample of college students aged 18 years or older using a self-report measure. They derived a prevalence of 7.6%, a higher percentage than the general adult population, and a higher prevalence of symptoms among subjects aged 18--20 years \[[@ref81]\].

Persistence of ADHD symptoms into adulthood
-------------------------------------------

In most cases, ADHD symptoms persist into adulthood and are accompanied by significant clinical disturbances. For instance, a review of longitudinal follow-up studies on individuals with childhood ADHD diagnosis showed that only 15% of the participants fulfilled all the criteria for ADHD diagnosis by the age of 25 years, indicating a low persistence of the disorder. However, when the criteria were relaxed to include those in partial remission as well, 65% reported to be continuously under the influence of the disorder \[[@ref82]\]. Another, recent study on ADHD persistence found that although only 21.9 % of individuals who had been diagnosed with ADHD at 5--12 years still met full criteria even at 18 years of age, the majority of individuals had partial ADHD symptoms at 18 years of age and required continued clinical attention due to residual ADHD symptoms, comorbidity, and resulting functional impairment \[[@ref65]\].

Few longitudinal studies have examined possible predictors for persistence of ADHD from childhood into late adolescence or adulthood. Though the findings are heterogeneous, a meta-analysis indicated that baseline ADHD characteristics such as severity of childhood ADHD symptoms are the most significant determinants of symptom persistence. These markers, coupled with comorbid major depressive disorder and conduct disorder have also been proposed predictors for the risk of persistence of ADHD. On the other hand, sociodemographic features such as gender, socioeconomic status, and IQ at baseline did not show any significant relationships with ADHD persistence \[[@ref72]\].

Clinical presentation of adult ADHD
-----------------------------------

The symptoms of hyperactivity, impulsivity, and inattention have more subtle and varied presentations in adults, making them more difficult to detect. This could complicate and underrepresent ADHD diagnosis in adults. Hyperactivity in adults can be expressed as inner restlessness, excessive fidgeting, excess talkativeness, difficulty staying still, or inability to remain seated when requried. Attitudes and behaviors such as impatience, acting without prior thought, impulsive spending, need for excessive stimulation, difficulty in maintaining stable jobs, or starting relationships on impulse may be presentations of impulsivity. Inattention often expresses itself as being easily distracted, boredom, inablity to organize things and tasks, procrastination, and difficulty in decision-making \[[@ref83]\]. It is particularly noticeable that, despite a general trend of the symptoms reducing with age, symptoms of inattention decline less than those of hyperactivity/impulsivity \[[@ref84]\]. In fact, they sometimes stabilize with age \[[@ref85]-[@ref88]\] or even increase in a substantial number of individuals \[[@ref89]-[@ref91]\].

Clinical observations suggest that adult ADHD is related to more deficits in higher-level executive functioning and emotional control than in children \[[@ref92],[@ref93]\]. In line with these observations, a number of researchers have attempted to examine the factor structure of ADHD symptoms unique to adults by including clinically observed symptoms beyond the DSM-5 criteria. These primarily fall under the categories of executive dysfunction (poor time management, failure to finish tasks within a given time period or needing more time to produce satisfactory results, trouble planning ahead, and difficulty in multitasking) and emotional dysregulation (emotional lability, intolerance of stress, and inappropriate emotional over-reactions or outbursts). They derived factor structures and number of factors were heterogeneous across studies based on methods and samples used \[[@ref94]-[@ref97]\]. A recent study expanded the list of symptoms in both adult ADHD patients as well as a convenience sample. They confirmed a four-factor structure of adult ADHD comprising of executive dysfunction/inattention, hyperactivity, impulsivity, and lack of emotional control. The resulting symptom profiles for adults were similar to those given in DSM-5, with the predominantly hyperactive/impulsive presentation now limited to hyperactivity without high impulsivity.

ADHD symptoms and neuropsychological deficits disrupt individual capacities to cope with everyday demands \[[@ref98]\], leading to extensive psychosocial impairments. This also increases vulnerability to stresses as well as the possibility of encountering additional adversities \[[@ref99]\]. Such an imbalance between environmental demands and personal resources, which typically increases with age, can aggravate functional impairments in adults with ADHD. This implies that functional demands in scholastic, social, and occupational dimensions increase and become more complex with age, whereas the supportive resources available to ADHD patients (such as, guidance from parents or teachers) gradually reduce as time passes \[[@ref100]\].

Young adults with ADHD are less likely to pursue post-secondary education \[[@ref101]\]. In cases where they do enroll, they are less likely to graduate than peers without ADHD \[[@ref102]\]. About 2--8% of college students suffer from clinical symptoms relevant to ADHD and 25% of college students who receive disabilities services are diagnosed with ADHD \[[@ref102]\]. These students tend to experience academic problems such as lower grade point average, increased rates of academic probation, and poor time management and test taking abilities \[[@ref102]-[@ref104]\]. Nevertheless, some of them are able to maintain adequate academic performances and achievements, provided they receive appropriate and timely therapeutic interventions. Despite this, subjective reports on impaired executive functioning and cognitive failure are salient even in these cases \[[@ref105]\].

Adults with ADHD usually experience difficulties in all dimensions of occupation starting from job search to job performance \[[@ref76],[@ref106]\]. They are less likely to be under paid employment with only 22--24% of diagnosed individuals being hired \[[@ref107],[@ref108]\]. According to a survey conducted by the WHO, about 3.5% of all workers suffer from ADHD and resulting work impairments \[[@ref109]\]. Employment problems are further exacerbated by poor job performance \[[@ref110]\], higher instances of annual absenteeism \[[@ref109]\], more workplace accidents and injuries \[[@ref111],[@ref112]\], and interpersonal problems possibly associated with mood instabilities like low frustration tolerance, irritability, and anger outbursts \[[@ref93],[@ref113]\]. Military service is yet another index for social function as it is highly demanding and in the Republic of Korea, mandatory for men 19 years of age or older. Although ADHD diagnosis does not automatically exempt an individual from military service, young men with ADHD are medically unsuitable for military service in general and show lower functioning (availing more sick days and seeking more health care) \[[@ref114]\]. They are not only more likely to have comorbid personality and minor mood disorders but are significantly more at risk of developing post-traumatic stress disorder \[[@ref114],[@ref115]\]. A combination of lower intellectual capabilities and more psychiatric comorbidities may be predictive of poor adjustment outcomes in young adults with ADHD \[[@ref68]\]. Adults with ADHD typically have short-lived or dysfunctional relationships. This is partly due to difficulty in paying careful attention to their partners, interrupting conversations often, and procrastinating assigned tasks \[[@ref116]\]. More importantly, emotional symptoms (emotional lability, inappropriate emotional outbursts, stress intolerance), evident in 24--70% of adults with ADHD \[[@ref117]\], contribute significantly to maladjustments in personal relationships \[[@ref118]-[@ref121]\]. Such patients often have to handle not only regular parent-child relationships, but also face the possibility of having children with ADHD given the high rates of inheritance \[[@ref122],[@ref123]\]. Other factors such as overdependence on partners and negative societal biases can also hinder seamless social functioning \[[@ref124],[@ref125]\].

Adolescents/adults with ADHD are very susceptible to driving-related accidents due to high frequency of risky driving behaviors resulting from easy distraction and increased need for stimulation \[[@ref113],[@ref126]-[@ref128]\]. Young persons with ADHD are also more liable to exhibit unhealthy behaviors such as smoking, alcohol and illicit drug use, and risky sexual behaviors \[[@ref129],[@ref130]\]. They also experience a rise in criminal behaviors, arrest, and incarceration \[[@ref131],[@ref132]\], particularly with comorbidity of conditions such as conduct disorder, substance use disorder, or antisocial personality disorder \[[@ref83],[@ref133]\]. Notably, the ADHD prevalence rate among adult prison inmates is 10.5%, which is substantially higher than the rate among the general adult population \[[@ref134],[@ref135]\].

DIAGNOSIS OF ADULT WITH ADHD
============================

Considerations for diagnosis of adult ADHD
------------------------------------------

Several issues which make diagnosis of adult ADHD challenging have been outlined here. First, core childhood ADHD symptoms (hyperactivity/impulsivity and inattention) change over time, suggesting a shift in clinical presentation with development \[[@ref53],[@ref136]\]. For example, hyperactivity/impulsivity can manifest as "running about or climbing in situations where it is inappropriate" during childhood whereas it reveals itself as "feeling restless" during adulthood. Symptoms of ADHD in adults tend to be more heterogeneous and subtle than in children/adolescents as individuals have to manage more complex tasks and responsibilities they grow older.

Other prominent symptoms of ADHD also differ between in childhood and adulthood. Hyperactivity often declines by adolescence, while inattention is more persistent. Nearly 95% of adults with ADHD have inattention problems whereas only 35% have hyperactivity issues \[[@ref96]\]. Symptoms of impulsivity may convert to more subtle, intricate problems in executive functions, which are most pronounced in adult ADHD. Executive deficits cause adults with ADHD to experience difficulties in adaptive functioning (poor organization of money and time, failure to maintain routines) and eventually result in significant maladjustment \[[@ref136]\]. Associated features such as mood lability, emotional overreaction, and sensitivity to stress are also frequent features of adult ADHD. Given these variations, closer examination of general functional impairments in daily life and accounting for symptom variations between adolescents and adults, as suggested by DSM-5, are recommended for accurate diagnosis.

Diagnosis of ADHD in adults is contingent on self-reportage, whereas in childhood it is often supported by information from additional informants such as parents and teachers. Self-reports on past and present symptoms as well as the level of daily functioning are only reliable when individuals are well aware of their conditions \[[@ref137]\]. Even in such cases, retrospective recall of childhood symptoms may be inaccurate. It has also been observed that persistence rates of ADHD symptoms from childhood to adulthood were lower when the condition was self-reported by adolescents or young adults as opposed to their parents \[[@ref136]\]. In the light of these caveats, the accuracy of self-reported symptoms is a subject of some debate. Some adolescents or young adults struggling with identity issues are likely to underestimate their ADHD symptoms whereas others may exaggerate them \[[@ref136],[@ref138]\]. Although diagnosis based solely on self-report is possible, this practice comes with a risk of misdiagnosis based on lack of accuracy in the self-reports. Therefore, for better reliability and correct diagnosis, it is recommended that the mental health practitioner acquire additional information from collateral informants such as parents, elder relatives, partners, close friends, or relatives \[[@ref83]\].

The symptoms of adult ADHD usually co-exist with other psychiatric conditions in adolescents and adults \[[@ref139]\]. In adolescents, assessment and treatment may be focused only on ADHD symptoms, while other comorbidities are ignored. On the other hand, in adults, symptoms of ADHD are less likely to be recognized and dealt with since the comorbid conditions are often the focus of attention \[[@ref136]\]. This makes diagnosis of adult ADHD complicated, as individuals develop specific coping strategies for other mental health issues \[[@ref140]\]. Even if one were to account for all the above complications, detecting ADHD symptoms in high-functioning individuals is no easy task as many patients have strategies to compensate for impairments caused by their deficits in attention and executive functions. Such shortcomings can be bypassed with thorough investigations of childhood and family histories, social and occupational functional levels, and scores on screening tests.

The evaluation process
----------------------

Diagnosing ADHD in adults requires comprehensive and systematic evaluation based on multiple factors, including assessment of the lifetime history of symptoms and impairments. These symptoms range from inattentive or hyperactive/impulsive symptoms prior to 12 years of age to symptoms at the current age. The functional impairments should be present in at least two of the following domains: school, work, home, interpersonal situations, or other. Considering that deficits in executive function are a key feature of adult ADHD, mental health professionals should carefully examine associated features such as lowered inhibition (mood lability, temper outbursts) and other related impairments (relationship issues such as divorce and multiple marriages). Given the high heritability of ADHD, it is also important to screen for any familial history of psychiatric and neurological conditions, symptom patterns and comorbidities in family members \[[@ref83]\].

The degree of functional impairment can be assessed through interviews with afflicted individuals and significant others such as parents or spouses. The general assessment covers aspects of the individual's life where ADHD symptoms compromise adequate functioning, such as work, social life, interpersonal relationships, life goals, and overall behaviors (risky driving and substance abuse). It is usually imperative to refer to collateral information (significant others, school or criminal records) since quite a few adults with ADHD are poor at recognizing any functional impairments caused by the symptoms. Nevertheless, self-referred individuals are likely to be well aware of their symptoms and dysfunctions, leading them to seek evaluation and professional help. The other important criterion in determining functional impairment is the amount of effort individuals invest in order to accomplish tasks. Adults with ADHD may not reveal failures or may appear successful since they can develop a variety of skills and coping mechanisms (organizational, motoric, attentional, social, and psychopharmacological) to compensate \[[@ref140]\]. Thus, it is vital to evaluate whether an individual expends excessive amounts of time and energy in order to simply attain basic level of functionality \[[@ref136]\].

In order to determine whether an individual's symptoms can be attributed to other psychiatric conditions, it is important to take a full medical history of psychiatric and somatic problems and treatments. Given that it is uncommon to see adults presenting solely with ADHD and as other conditions are frequently comorbid, clinical assessments of adult ADHD must always take into consideration co-existing symptoms and disorders. In adults, ADHD is frequently a part of mood disorders, anxiety disorders, substance use disorders and impulse control disorders \[[@ref78]\]. The presence of such comorbid psychiatric conditions significantly affects the diagnosis and outcomes of treatment \[[@ref141],[@ref142]\]. A survey conducted by KACAP-AASIG \[[@ref1]\] revealed that at initial clinical presentation at the first visit, 51.09% of patients with adult ADHD showed ADHD core symptoms while 40.57, 28.37, 21.31, and 20% of patients showed depressive disorder symptoms, anxiety disorder symptoms, substance use disorder symptoms, and bipolar disorder, respectively. Although symptoms of ADHD (inattention, impulsivity) can also be a part of other psychiatric disorders, it is typical for ADHD to have early onset, usually by childhood, and have a prolonged course. When compared to other disorders, ADHD shows consistently higher instances of distractibility, impulsivity, and deficits in executive function and self-regulation \[[@ref143]\]. Although these are less frequently studied in adults, several neurodevelopmental traits and disorders such as (autism spectrum disorders, dyslexia, and impaired motor coordination) are also highly comorbid with ADHD \[[@ref144]-[@ref146]\].

Screening and evaluation instruments
------------------------------------

ASRS is the one of the most widely used rating scales for adult ADHD. The ASRS includes items for each of the 18 DSM-IVTR criteria, which were reworded to better depict the clinical presentation of ADHD in adults. It comprises of a 6-item Part A and a 12-item Part B. Individuals are required to rate their symptoms based on their occurrence and frequency over the past 6 months rather than the severity of symptoms \[[@ref147]\]. The 6-item part A serves as short screening scale for clinical utility, meeting the threshold of which is highly predictive of symptoms consistent with ADHD. The frequency scores of Part B provide additional information on the symptoms. The Korean version of ASRS also has sound psychometric properties \[[@ref2]\]. According to a study on the clinical utility of the Korean version of ASRS, the screener was sound in terms of sensitivity and specificity, with its strength in easy and quick administration though the ASRS total score outperformed. The cut-off score of the Korean scale has been set at 32 \[[@ref148]\]. Recent updates are being made reflecting the changes made in DSM-5 criteria \[[@ref149]\].

Self-report questionnaires can be used as a part of a comprehensive diagnostic assessment process. For instance, the Conners' Adult ADHD Rating Scales (CAARS) are designed to assess ADHD in adults aged 18 through 50 years and older \[[@ref150]\]. In addition to providing T-scores specific to gender and age group, each item in CAARS is useful in differentiating individuals with or without ADHD. The CAARS utilizes six forms (short/long/screening coupled with self-report/observer rating scale form). The WURS comprises of 61 items, with 25 items in its short form. It helps individuals with adult ADHD to retrospectively remember childhood symptoms, establishing the existence of ADHD \[[@ref151]\]. Current symptoms in adulthood can be assessed using Brown Attention Deficit Disorder Rating Scale for Adults (BADDS). The BADDS comprises of 40 items. Although it originally required researchers to read the questions and fill the form, the manual also allows written self-assessment by adults. The BADDS for Adults focuses on symptoms ranging from inattention to executive function impairments, all of which are usually encountered by adults with ADHD (managing affective interference, organizing and initiating the work). In this regard, the BADDS can help to identify areas of difficulty for individual patients \[[@ref152]\]. The Current Symptoms Scale (CSS) \[[@ref153]\] is a self-report/observer rating scale which examines ADHD symptoms in correspondence with DSM-IV diagnostic criteria, ADHD-dependent functional deficits in various settings, and symptoms of oppositional defiant disorder in the past 6 months. The Young ADHD Questionnaire-Self-Report (YAQ-S) and Young ADHD Questionnaire-Informant-Report (YAQ-I) were developed to investigate current functioning. Items in YAQ-S and YAQ-I were chosen based on a review including ADHD symptoms as well as frequently comorbid conditions (delinquency, emotional problems) \[[@ref154]\].

In Korea, the K-AARS was developed by reviewing items from five commonly used rating scales for adult ADHD overseas---CAARS, BADDS, WURS, ASRS, and CSS \[[@ref4]\]. The KAARS is a self-report rating scale consisting of 73 items and eight sub-factors including inattention, hyperactivity, impulsivity, antisocial personality disorder/conduct disorder/oppositional defiant disorder, impairment, driving, emotional dysregulation, and disorganization. The K-AARS is special in that it includes antisocial personality disorder/conduct disorder/oppositional defiant disorder as an independent factor and also has a set of cut-off score \[[@ref155]\]. The Barkley Deficits in Executive Functioning Scale (BDEFS) was specifically designed for evaluating the deficits in executive functioning (time management, organization and problem solving, selfrestraint, self-motivation, and self-regulation) in adults with ADHD \[[@ref156]\] and was later standardized in Korean \[[@ref157]\].

Although self-report scales are informative and useful in guiding diagnosis, a diagnostic interview is fundamental to assessment and advisement. DIVA was originally developed based on DSM-IV criteria in Dutch and translated into multiple languages \[[@ref158]\]. The DIVA-5, which has been upgraded based on DSM-5, is available in Dutch, English, and Korean versions \[[@ref5]\]. This semi-structured interview consists of 18 DSM-5 criteria for ADHD and specific examples for each criterion that the interviewer can use to evaluate the presence or absence of symptoms. It is also useful in specifying the extent and areas of dysfunction associated with symptoms by providing specific categories of daily functioning (work/education, relationship and/or family, social contacts, free time/ hobby, and self-confidence/self-image) with detailed examples. The Conners' Adult ADHD Diagnostic Interview for DSM-IV (CAADID) is a semi-structured interview designed for accurate and appropriate diagnosis of ADHD in adults \[[@ref159]\]. The CAADID is divided into two parts: part I is designed to gather information related to demographic history, developmental course, ADHD risk factors, and brief comorbid psychopathology screening whereas part II is diagnostic interview designed to assess DSM-IV ADHD criteria and is administered by a trained clinician.

Currently, there are no neuropsychological tests for ADHD with established diagnostic applications. Adults with ADHD significantly differ from those without ADHD and even from adults with other psychiatric disorders in terms of scores on neuropsychological tests such as Comprehensive Attention Test (CAT) \[[@ref160]\], Conners' Continuous Performance Test (CPT), Digit Span and Letter-Number Sequencing of WAIS, Go/No-Go Task, Stroop Word Color Test, and verbal memory tests including Rey Auditory Verbal Learning Test and the Logical Memory subtest of the Wechsler Memory ScaleRevised \[[@ref161]-[@ref165]\]. Poor performance on these neuropsychological tests indicates that adults with ADHD are likely to have cognitive impairments in vigilance and sustained attention, verbal working memory, memory acquisition and resulting long-term memory formation, and notably in executive function (inhibition, set shifting). Nevertheless, cognitive performance is not predictive of presence or absence of ADHD in adults and thus adult ADHD cannot be determined by these test results alone. Cognitive performance needs to be used for establishing treatment paradigms and prognosis of the disorder.

According to the survey by the expert consensus of psychiatrists on diagnosis and treatment of adults with ADHD, the most commonly used diagnostic evaluation methods in current practice are clinical psychiatric interview (20.66%) and self-report scale (19.25%) followed by attentional (14.71%) and psychological tests (14.24%). As per textbooks, however, the most commonly used evaluation methods are self-report scale (25.38%), clinical psychiatric interview (23.48%), psychological (16.67%), and attentional tests (15.72%) \[[@ref1]\]. [Table 1](#T1){ref-type="table"} summarizes the key evaluation instruments currently available in Korea.

###### 

Key evaluation instruments currently available in Korea

  ------------------------------------------------- ------------------------------------------------------------------------------------------
  Self-report scale                                 WHO Adult ADHD Self-Report Rating Scale (ASRS) \[2,148\]
  Korean Adult ADHD Rating Scale (K-AARS) \[155\]   
  Executive functioning scale                       Barkley Deficits In Executive Functioning Scale (BDEFS) \[157\]
  Diagnostic interview                              The Diagnostic Interview for ADHD in Adults (DIVA-5) \[5\]
  Attentional test                                  Conners' Continuous Performance Test (CPT)
  Comprehensive Attention Test (CAT) \[160\]        
  Neuropsychological test                           Digit Span and Letter-Number Sequencing of Wechsler Adult Intelligence Scale \[161-164\]
  ------------------------------------------------- ------------------------------------------------------------------------------------------

Differential diagnosis and comorbidity
--------------------------------------

ADHD is often associated with a high rate of comorbid psychiatric disorders in both children and adults. Between 65-- 89% of adults with ADHD present with one or more additional psychiatric conditions, with the average number of comorbid disorders being three \[[@ref166],[@ref167]\]. Mood disorder, anxiety disorders, substance use disorders, personality disorders, learning difficulties, and nicotine dependencies are the most prevalent of these \[[@ref167]-[@ref169]\]. Adult ADHD is not only associated with comorbidity and severity of addictions such as substance, gambling, internet, and video gaming, but also with an earlier onset of addiction and poly-dependence \[[@ref170]-[@ref172]\]. Although it is possible to identify whether an individual has ADHD or not, accurate identification of ADHD-specific symptoms and clear judgment on ADHD treatment in the light of other comorbid disorders can be challenging \[[@ref173]\].

In this regard, it is important to identify comorbid conditions when assessing ADHD. Approximately 38.3% of adults with ADHD have a comorbid mood disorder. Comorbid depression is also common with a higher prevalence of both major depressive disorder and dysthymic disorder in adults with ADHD than in non-ADHD adults. Furthermore, adults with ADHD often present with low self-esteem, demoralization, dysthymic mood, poor concentration, attention and memory, restlessness, and irritability, which may obfuscate the diagnosis of ADHD. However, it is not common for ADHD without depressive disorders to be associated with a sustained depressive mood, excessive guilt, or suicidal ideations. Bipolar disorders co-occur in approximately 20% of adult ADHD cases \[[@ref174]\]. Affective lability and irritability in ADHD overlap with bipolar disorders and, more importantly, symptoms of ADHD are often erroneously regarded to be a part of bipolar disorders. As a result, ADHD comorbid with bipolar disorders is likely to be under-diagnosed and under-treated \[[@ref175]\]. Mood changes in ADHD are usually presented as continuous poor regulation within the normal range of moods, whereas mood instability in bipolar disorders is episodic, with severe extremes of depression and elation accompanying delusions or hallucinations.

Anxiety disorders are among the most frequently coexisting diagnoses in adults, with 23--47.1% of adults with ADHD having anxiety disorder \[[@ref174],[@ref176]\]. These usually deteriorate over time since individuals experience more difficulties handling tasks and taking on responsibilities which require increasingly higher cognitive abilities. Generalized anxiety disorder (GAD) is one of the most commonly co-occurring anxiety conditions. The high rate of co-occurrence may be partially explained by symptomatic overlap between two disorders such as inattention, difficulty in concentrating and restlessness \[[@ref177], [@ref178]\]. However, even upon excluding the overlapping symptoms, 75% of individuals with ADHD meet the diagnosis of GAD, indicating a high comorbidity rate between the two conditions \[[@ref179]\]. Although not all the diagnostic criteria for GAD are met, adults with ADHD often feel consistently anxious and apprehensive about their performance on studies, jobs, and other duties. This anxiety further impairs the capacity to concentrate and is often associated with maladaptive coping mechanism such as avoidance or procrastination \[[@ref180]\]. On the other hand, purely anxious individuals are less likely to have executive dysfunction and may present better performance on tasks once engaged and distracted from worries. In adults with ADHD these conditions further intensify anxiety \[[@ref181]\].

Both ADHD and borderline personality disorder (BPD) may be considered developmental since they emerge during childhood or adolescence \[[@ref182]\]. ADHD and BPD share similar clinical features including impulsivity, affective instability, emotional dysregulation, and unstable interpersonal relationships \[[@ref182]-[@ref184]\]. On the other hand, symptoms such as chronic suicidality, self-mutilation, feelings of abandonment and emptiness, stress-related paranoid ideation or dissociation are typical of BPD but not of ADHD \[[@ref184],[@ref185]\]. The distinction between these two disorders is not clear as symptoms of both are enduring and trait-like (non-episodic).

TREATMENT OF ADULTS WITH ADHD
=============================

Treatment approach
------------------

As with treatments for childhood/adolescent ADHD, the treatment for adults can follow a multimodal and multidisciplinary approach including psychoeducation, pharmacotherapy, cognitive behavior therapy (CBT) and coaching for ADHD. When compared to childhood/adolescent ADHD, adult ADHD requires tailor-made treatments regimens given the wide range of psychosocial and psychological characteristics. The administered course of therapy should be especially considerate of the individual's partner, family and close relationships. When adults with ADHD were diagnosed with a degree of problems such that it continuously disrupted family relationships, the patients were asked to attend family or couples therapy alongside the regular treatment for ADHD.

Considering comorbidities in adult ADHD
---------------------------------------

Careful diagnostic assessment can ensure that any comorbid disorders of ADHD are accounted for in the ADHD treatment plan. Depending on the type and severity of the comorbidity, a given plan of ADHD treatment should assess and control for the comorbidities from the very beginning of ADHD treatment especially with respect to the order of pharmacological treatment. Of the various psychiatric comorbidities of adult ADHD, higher frequencies were seen with the following: anxiety disorder, mood disorder, behavioral disorder and substance use disorder. In addition, the orders of treatment should be in keeping with the severity of psychiatric disorders: psychosis, bipolar disorder, substance abuse, severe depression and severe anxiety should be prioritized. Milder depressive or anxiety disorders, and unstable mood may follow the treatment of ADHD. Conditions like substance abuse, including drug and alcohol abuse, can be stabilized or treated alongside ADHD.

Psychoeducation
---------------

Of the various treatment modalities for ADHD, most clinical practices declare that psychoeducation should be the first choice of standard care \[[@ref186]\]. Psychoeducation covers ADHD symptoms and impairment, its prevalence in children and adults, frequency of comorbidities, heritability, accompanying brain dysfunctions, and their functional consequences, as well as the available treatment options. In fact, the very act of providing knowledge and information about ADHD could improve patient understanding and make them more comfortable in handling the condition. This avenue of treatment processing also allows patients to obtain new insights into previous difficulties experienced due to ADHD. In the past, patients with ADHD faced significant levels of failure and difficulties in their lives, often stigmatized as inadequacy. Psychoeducation would enable the patient to gain perspective on the disorder and accordingly plan for the future. In addition, their social relationships may be reframed without feelings of guilt and remorse within family members and others.

Pharmacotherapy
---------------

### Introduction to pharmacotherapy

As with childhood/adolescent ADHD, pharmacotherapy for adult ADHD can highly effective \[[@ref83]\], and is often recommended as the first-line of treatment for adult ADHD by the National Institute for Health and Clinical Excellence (NICE) \[[@ref187]\]. Of the several options available for ADHD, stimulants were the first choice for treatment of adult ADHD \[[@ref83],[@ref187]-[@ref190]\]. The non-stimulant ATX is recommended as a second-line of treatment, followed by other non-stimulants such as bupropion and tricyclic antidepressants \[[@ref83],[@ref187],[@ref191]\].

In Korea, the following medications have been approved by the Korean Food and Drug Administration (KFDA) for treatment of adult ADHD: methylphenidate HCl ER (Concerta® OROS, Metadate® CD, Medikinet® Retard, Bisphentin® CR) and atomoxetine (Strattera®, Atomottera®, Atomoxin®, Atomoxetine®, Artlex®, Atocera®).

### Stimulants

For ADHD, data on effectiveness and safety point to stimulants (dexamphetamine, methylphenidate) as the preferred drug treatments \[[@ref187],[@ref192]\]. Treatment with stimulants improves the behaviors and symptoms associated with ADHD. It also improves related problems of lowered self-esteem, mood swings, irritability, cognitive impairments and social function.

Methylphenidate (MPH) is the most widely studied stimulant of those used for ADHD treatment. MPH can be used in a variety of formulas, including immediate release (IR) and extended release (ER) formulations. There are many other stimulant options available, depending on the country.

Approximately 70% of patients treated in this manner respond to the first prescribed stimulant \[[@ref83]\]. Meta-analyses of randomized control tests (RCTs) demonstrate the efficacy of stimulants and ATX in reducing ADHD symptoms in adults. Stimulants showed greater efficacy than ATX, with their standardized mean differences (SMDs) ranging from 0.4 to 0.7 \[[@ref191]\]. An RCT conducted in 2015, the longest ever conducted in adults, still found significant effects of MPH a year after administration \[[@ref193]\]. Swedish national registration data also suggest long-term benefits of treatment with ADHD drugs, with traffic accidents and deaths, criminal convictions, violent re-offences, depression, suicidal behavior, or substance misuse significantly decrease during the period of treatment \[[@ref194]-[@ref198]\]. No effect was found in similar analyses of antidepressants, suggesting that the effects are specific to ADHD drugs.

### Derivatives of amphetamine

The recommended dose range of dextroamphetamine (IR) is 5--60 mg/day \[[@ref189]\]. Lisdexamfetamine (LDX) has a slow release profile, which allows a relatively low abuse profile \[[@ref199]\]. LDX is recommended to be taken once daily, and its effect can last up to 14 hours \[[@ref200]\]. Three RCTs conducted in adults reported moderate to large effects of LDX on ADHD symptoms \[[@ref201]-[@ref203]\] comparable to MPH (SMD=0.97) \[[@ref204]\]. The tolerability and safety profile is similar to other stimulants \[[@ref205], [@ref206]\]. Unfortunately, this medicine is not available in Korea.

### Methyphenidate

A meta-analysis published in 2011 \[[@ref207]\] suggested that MPH (mean dose 41.2--82 mg/day) has a moderate effect on ADHD symptoms, with large effects at doses of \>77.4 mg/day. MPH (IR) has a short duration of action with a maximum 4 hours. The short effect time mandates several doses a day, which ADHD patients often fail to comply with. To counteract this, long-acting MPH preparations have been developed with durations of action ranging from 6--12 hours.

Stimulants are generally well tolerated by ADHD patients. The main adverse effects of stimulants include dry mouth, nervousness, headache, decreased sleep and appetite, and elevated heart rate and blood pressure \[[@ref208]-[@ref211]\]. Therefore, the body weight, heart rate, blood pressure, and any sleep problems should be assessed beforehand, and monitored at least twice a year during treatment. Serious cardiovascular complications are rare \[[@ref209],[@ref212],[@ref213]\], with one study reporting risks for ventricular arrhythmias, myocardial infarction, sudden cardiac death, or stroke no more than 0.2--0.4% higher than normal \[[@ref214]\]. MPH may trigger arrhythmias in patients with congenital heart diseases \[[@ref215]\]. Given these possible adverse effect, the consensus has been to take caution in patients with known cardiac defects, eventhough risks are low.

### Atomoxetine

ATX, a norepinephrine reuptake inhibitor, is an alternative non-stimulant option and has been shown to be effective in treating adults with ADHD \[[@ref202]-[@ref205]\]. Around two-thirds of patients respond to ATX. When compared to MPH, ATX was thought to have moderate efficacy in reducing ADHD symptoms \[[@ref216]\]. ATX may be good for ADHD patients with co-occurring anxiety that could be exacerbated by stimulants \[[@ref217]\]. ATX seems to be ineffective in the treatment of comorbid depression in adolescents with ADHD \[[@ref218]\]. Typical side effects are somewhat similar to stimulant medications and include noradrenergic effects such as alteration of heart rate and blood pressure, and erectile dysfunction \[[@ref219],[@ref220]\].

### Bupropion

Several studies in adults have reported contradictory findings for bupropion. Positive results were reported with higher doses (400--450 mg/day) \[[@ref221],[@ref222]\]. Given that the evidence base is limited, bupropion use should be restricted to patients who do not tolerate other ADHD medications.

### Guanfacine and clonidine

Guanfacine ER (GXR), an α-2 adrenergic agonist, is approved in the US and Europe for the treatment of childhood/ adolescents ADHD in cases where use of stimulants is not appropriate, not tolerated or not effective \[[@ref223],[@ref224]\]. Guanfacine IR is approved in the US for use in both children and adults with ADHD (both as monotherapy and in combination with stimulants). Till date, there have been no RCTs in adult ADHD patients to support the use of GXR in this age group. One study using GXR or placebo as an adjunct to stimulant showed insufficient effects, since both treatments has similar efficacies \[[@ref225]\]. This drug is currently not available in Korea.

Clonidine ER is approved in the US for treatment of ADHD in 6--17 year olds as monotherapy or as an adjunct to stimulants. RCTs have been performed on both clonidine ER \[[@ref226], [@ref227]\] and IR \[[@ref228],[@ref229]\] in children and adolescents with ADHD, but not in adults.

### Combination pharmacotherapy

In Korea, in spite of single ADHD medication for at least one month, another type of medication (MPH, ATX, clonidine) can be added when there is not enough clinical response from December, 2019.

### Other medications

Tricyclic antidepressants have limited evidence regarding the efficacy of ADHD treatment. Selective serotonin reuptake inhibitors have shown to be ineffective for the treatment of ADHD \[[@ref197],[@ref198],[@ref230]-[@ref232]\]. Modafinil, a wakefulness-promoting agent used in treating narcolepsy, has also proven to be ineffective for adult ADHD in a phase three trial \[[@ref233]\]. However, there is some evidence to show that selective noradrenaline reuptake inhibitors such as reboxetine could be an alternative to ATX \[[@ref234],[@ref235]\].

CBT and coaching for ADHD
-------------------------

As a multi-modal treatment approach, CBT is one of best options that can be supplemented by medication \[[@ref236]-[@ref239]\]. In group or individual settings, CBT can improve ADHD symptoms, emotion dysregulation, anxiety, mood, and functional impairments in adults with ADHD \[[@ref193],[@ref240]-[@ref242]\]. CBT may also play a critical role in the management of adults with ADHD who are motivated and developmentally ready to acquire new skills as symptoms remit \[[@ref243]\]. Most CBT programs are skillsbased and focus on organizational and time management skills, prioritization, motivation, emotional regulation/control, problem solving skills, prosocial competence and strategies to improve attention and impulsivity management.

Current treatment trends for adult ADHD in Korea \[[@ref1]\]
------------------------------------------------------------

A survey was conducted on 142 psychiatrists currently treating adult ADHD patients in the Republic of Korea \[[@ref1]\]. They were asked a series of questions on their current clinical experience in treating adult ADHD. Of the 142 psychiatrists, 56 had had additional child and adolescent psychiatry (CAP) training.

First line of treatment for adult ADHD
--------------------------------------

One hundred six psychiatrists (75.2%) answered that medication was the first choice of treatment for adult ADHD. The second popular choice was psychoeducation (51.1%), followed by CBT (38.5%). This was consistent in both groups with and without CAP training. An interesting fact to note is that psychiatrists with CAP training had somewhat mixed opinions on the first choice of treatment, with no clear winner between psychoeducation (35.7%) and medication (64.3%). This was very different when compared to the psychiatrists without CAP training, who showed a high tendency to select medication as the first choice (82.4%) followed by psychoeducation (16.5%).

Medications used in adult ADHD
------------------------------

Most psychiatrists used the long acting MPH osmotic-release oral system. The second most common choice was ATX, and the third was MPH IR.

Mean medication dosage
----------------------

Psychiatrists with CAP training tended to use medication much higher dosage than those without CAP training, with the exception of clonidine. This may be due to the fact that psychiatrists with CAP training have more experience with ADHD medication and therefore have more confidence in dealing with high dosage situations such as managing side effects.

Treatment options when first medication has low efficacy or side effects
------------------------------------------------------------------------

Most psychiatrists chose to change the medication when the first choice of medication failed to work or had side effects (68.1%). The second choice was to combine the first drug with another ADHD medication (24.4%). Notably, no psychiatrists chose to forgo medication altogether. This may indicate that psychiatrists consider the symptoms of adult ADHD severe enough that they cannot be managed without medication.

Average period of treatment for adult ADHD informed to the patient
------------------------------------------------------------------

Most psychiatrists informed their patients that the average treatment period for adult ADHD is over 3 years (33.1%). Psychiatrists with CAP training recommended between 2 and over 3 years (30.2% and 34.0%, respectively), with the majority slightly leaning to over 3 years. In contrast, psychiatrists without CAP training had a broader sense of average treatment periods, ranging from 6--12 months to 2 years and over 3 years (27.5, 22.5, and 32.5%, respectively).

Average period of actual treatment for adult ADHD
-------------------------------------------------

Although psychiatrists tended to explain to their patients that over 3 years of treatment is required, in clinical settings, the actual average treatment period was between 6 and 12 months (44.7%). This could be due to doctors exaggerating the treatment period in fear of early dropout before adequate treatment was administered. Psychiatrists with CAP training had a much longer average treatment period when compared to those without CAP training.

Thoughts on the side effects of adult ADHD medication
-----------------------------------------------------

The survey had four levels of side effects: mostly temporary and safe to use, tolerable enough to use for the pharmacological effects, moderate side effects, and severe side effects. Most psychiatrists (48.9%) thought that the side effects of adult ADHD medications are mostly temporary, making them safe to use. However, average opinions differed between psychiatrists with and without CAP training. Psychiatrists with CAP training mostly answered that the side effects of adult ADHD medications are temporary and safe (61.1%), whereas among psychiatrists without CAP training, the majority answered that although there are some side effects, it is tolerable enough to use for the pharmacological effects (46.9%).

CONCLUSION
==========

ADHD symptoms during childhood continue throughout adolescence and into adulthood. Adults with ADHD face lifelong negative impacts of the disorder and require close long-term follow-up. Hence, an established Korean practice parameter for adult ADHD is necessary to minimize any discontinuation of treatment and allow for information exchange among mental health professionals. The currently available screening instruments in Korea are the WHO ASRS and KAARS. For confirming the diagnosis of adult ADHD, psychiatrists can use DIVA-5. A survey among the Korean experts showed that the most psychiatrists answered that medication was the first choice of treatment for adult ADHD. The second popular choice was psychoeducation, followed by CBT.

The Korean practice parameter provides globally accepted general information on diagnosis and treatment for adult ADHD as well as the diagnostic evaluation processes and treatment options applicable to Korean adults with ADHD. This Korean practice parameter will be a first step introducing the fields to discuss and share the information to diagnosis and treatment of Adult ADHD among the Korean mental health practitioners.
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